A double-blind, placebo-controlled trial of nine months duration was carried out to investigate the impact of malaria and its prevention on the educational attainment of school children in a malaria-endemic area in southern Sri Lanka where both Plasmodium falciparum and P. vivax infections are prevalent. A total of 587 children attending grades 1-5 in four schools and resident in the area were randomly allocated to chloroquine (n ‫ס‬ 295) and placebo (n ‫ס‬ 292) arms. Language and mathematics scores of end-of-term school examinations for 1998 and 1999 and number of days absent and reasons for absenteeism during seven months pre-intervention and nine months of the intervention were recorded. The results indicate that there were no differences in language (95% confidence interval [CI] ‫ס‬ 48. 44-53.78 in chloroquine group and 50.43-55.81 in placebo group) and mathematics (95% CI ‫ס‬ 49.24-54.38 in chloroquine group and 51.12-56.38 in placebo group) scores between the two groups prior to the intervention. During the intervention, the malaria incidence rate decreased by 55% (95% CI ‫ס‬ 49-61%) and school absenteeism due to malaria was reduced by 62.5% (95% CI ‫ס‬ 57-68%) in children who received chloroquine compared with the placebo group. Post-intervention, children who received chloroquine scored approximately 26% higher in both language (95% CI ‫ס‬ 21-31%) and mathematics (95% CI ‫ס‬ 23-33%) than children who received placebo. In a multivariate model, educational attainment was significantly associated with taking chloroquine prophylaxis and absenteeism due to malaria (P < 0.001 for both) but not due to health causes other than malaria or non-health causes. Language scores were associated with number of malaria attacks (P ‫ס‬ 0.022). Educational attainment was significantly better among children whose compliance to chloroquine prophylaxis was higher (P < 0.001). The data suggest that malarial attacks have an adverse impact on the educational attainment of the school child and prevention of these attacks significantly improves educational attainment of children living in malaria-endemic areas.
INTRODUCTION
Children who survive to school age continue to be vulnerable to malaria and estimates from Africa indicate that 20-50% of school children experience clinical malarial attacks each year. 1 Higher rates have been reported from malariaendemic areas of Asia. 2 In areas of low unstable malaria transmission, school children may be at a greater risk of severe and fatal consequences of infection because of the slow build up of exposure-driven immunity. 3 However, these risks are balanced by the low, and very often, seasonal exposure to the parasite. Prolonged and repeated illness may result in their being absent from school for significant lengths of time. School attendance can be affected when other members of the family become ill with malaria; girls in particular may be kept at home to help out. Studies in the Democratic Republic of the Congo, Kenya, Senegal, and on the Thailand-Myanmar border indicate that malaria is a cause of 5-8% of all absenteeism, which is equivalent to 50% of all preventable absenteeism. 2, [4] [5] [6] [7] [8] Thus, malaria may reduce both the opportunity and the ability of a young person to learn. 9 The impact of parasitic infections on the cognitive function of school children has been investigated. Colbourne, 10 Boivin and others, 11 and Serouri and others 12 have investigated the impact of asymptomatic malaria on cognitive function. In the first study, the teacher rating that was used was not sensitive enough to show small differences. In the second study, it was possible that the small sample size, the high chloroquine resistance (40%), and the battery of tests used confounded their results. Serouri and others have reported that children who were negative for malarial parasites (non-parasitemic group) performed better in fine motor functions but not in cognitive tests than parasitemic children. 12 The impact of malarial infections on the cognitive performance of children has been studied in a series of studies in a low transmission area of Asia. At school entry, most indices of school performance tested were poorer as the number of malaria infections experienced by the child increased after controlling for confounding factors. 13 School performance of 6-14-year-old children was related to the number of previous clinical attacks of malaria. 14 It has been reported that an acute attack of uncomplicated malaria causes significant short-term impairment of cognitive performance, with the impairment persisting for more than two weeks and being cumulative with repeated attacks of malaria. 15 Cerebral malaria has been implicated as a host development risk factor within the complex web of poverty in sub-Saharan Africa, which limits children's ability to achieve their full intellectual potential and, thus, extend the human cost of the disease beyond general measures of mortality and morbidity. 16 Studies carried out mainly in areas of high malaria endemicities where cerebral malaria is a frequent complication have reported the cognitive sequelae after brain injuries during malaria. [16] [17] [18] In Kenya, school children who had been hospitalized with cerebral malaria were 4.5 times more likely to have mild-to-severe learning difficulties 3-4 years later even though half the children had no neurologic problems at the time of hospitalization. 18 We report here the results of a randomized, double-blind, placebo-controlled study in which we investigated the impact of malaria prevention on the educational attainment of the school child. The study was performed in southern Sri Lanka in an area where both Plasmodium falciparum and P. vivax malaria are endemic, and where many children experience multiple episodes of malarial disease.
MATERIALS AND METHODS

Study area.
The study was conducted in the Kataragama and Buttala areas of the Moneragala District in the dry zone of southern Sri Lanka where both P. vivax and P. falciparum malaria of unstable endemicity are prevalent. Malaria transmission in the area is seasonal and composed of two peaks. The major peak corresponds to the northeast monsoonal rains from November to February. Almost all malarial infections in children are symptomatic and chloroquine resistance is reported in approximately 20-30% of P. falciparum infections. 19, 20 Study design. Of 647 children between 6 and 12 years of age enrolled in grades 1-5 in four schools and resident in the area, parents of 596 children consented for their children to be enrolled in the study. However, only 587 children were included in the study because two children had learning disabilities as reported by the class teacher and seven children did not have past examination results ( Figure 1 ). A sample of 234 children in each arm of the trial was required to detect a difference of 7.5 marks out of 100 with 90% power and a two-sided alpha error of 5% assuming that the standard deviation of the scores was 25 marks based on the distribution of baseline marks.
A randomized, double-blind, placebo-controlled clinical trial was conducted from March to November, 1999. Children in each class of each school were randomly assigned to either chloroquine or placebo arms using computer generated random numbers. Of the 587 children enrolled, 295 received chloroquine and 292 received the placebo. At weekly school visits, one chloroquine tablet (150 mg of chloroquine phosphate base) or placebo (5 mg of nicotinamide) was given to each child after a meal under the direct supervision of a research assistant or the teacher. Both tablets were sugar coated. No children were lost to follow-up. However, children received varying amounts of chloroquine and placebo tablets during the intervention period (1-30 tablets) because of various reasons such as being absent, not having breakfast, having a headache, or being on medication for some other condition such as a common cold. The children, parents, and guardians were informed of the possible side effects of the drug such as visual disturbances, depigmentation or loss off hair, or skin reactions and were requested to report such manifestations to the class teacher who in turn was asked to immediately notify the principal investigator.
Anthropometric and hematologic investigations. Anthropometric and hematologic investigations on all subjects were carried out at the beginning and at the end of the study. Two milliliters of venous blood were collected for estimation of hemoglobin levels by Sahli's method and examination of a Giemsa-stained peripheral blood smear for malarial parasites. A thin blood smear was used to determine parasitemia. 21 Malaria was diagnosed on detection of asexual parasites on blood smear examination by a trained senior technical officer of the Malaria Research Unit, University of Colombo and blood smears were routinely cross-checked. A stool sample of all children was microscopically examined for parasitic ova and cysts. The height and weight of each child were measured using standard procedures. Malarial infections were monitored throughout the study at malaria diagnosis and treatment centers in the area by passive case detection using microscopy that was provided free of charge. All children having malarial parasites on blood smear examination were treated with 300 mg of chloroquine phosphate base on days 1 and 2, and 150 mg of chloroquine phosphate base on day 3. In addition, children with a P. falciparum infection were administered 22.5 mg of primaquine as a stat dose on day 1, and children with a P. vivax infection were administered 7.5 mg of primaquine for 5 days.
Recording of absenteeism. School attendance of the children was obtained from school registers that are marked on a daily basis by the class teacher. When a child is absent from school, it is compulsory that a letter of excuse be sent by the parents indicating the reason for absenteeism. Prior to the study, the parents and guardians were educated by the prin- IMPACT OF MALARIA ON EDUCATIONAL ATTAINMENT cipal investigator to indicate on the letter the reason of absenteeism and, if the reason was because of illness to state the illness as indicated by the practitioner who provided treatment. The number of days absent and the reason for absenteeism were recorded during a seven-month period prior to starting the trial and during the intervention. Since the durations of the two periods were different, the number of days absent was calculated as a percentage of all school days during that period. Absenteeism because of malaria was crosschecked with records maintained at the malaria diagnosis and treatment centers and confirmed.
Assessment of educational attainment. All Government schools in Sri Lanka conduct three end-of-term examinations for each subject taught in each grade covering the syllabus of the term. The syllabus to be covered for a particular term is decided by the National Institute of Education, Sri Lanka and is common to all government schools in the country. The end-of-term examinations used to measure educational attainment were valid because only the subject matter taught in class was tested and the papers were prepared by the teachers of the relevant subject and were specific for a school. The average scores of the last two end-of-term examinations in mathematics and language for 1998 (pre-intervention) and 1999 (post-intervention) were used as indicators of educational attainment.
Socioeconomic stratification. The socioeconomic status of the family was assessed with respect to parents education, monthly family income, and based on the construction type of the house as previously described 22, 23 by administering a structured questionnaire to a parent or guardian of the child.
Permission to conduct the study. Permission to conduct the study was obtained from the Ethical Review Committee of Faculty of Medicine, University of Colombo, the Zonal Educational Officers, and School Principals. Written informed consent was obtained from the parents of the children prior to their enrollment in the study.
Data analysis. The treatment code was deciphered at end of the trial. Anthropometric indices (weight-for-age, height-forage, and weight-for-height) were obtained using Epi-Info software (Centers for Disease Control and Prevention, Atlanta, GA). Data analysis was done by intent to treat using t-tests to examine for differences between groups using Epi-Info software and SPSS software (SPSS Inc., Chicago, IL). Regression analysis and analysis of variance models were used to adjust for potential confounding variables.
RESULTS
Pre-intervention.
The socioeconomic variables of the two groups of children were similar except for house type (Table  1) . During the pre-intervention period, the mathematics and language scores, incidence of malaria and absenteeism because of malaria, health causes other than malaria and nonhealth causes, and total number of days absent in the chloroquine and placebo groups of children were similar ( Table 2 ). Prior to the intervention, absenteeism from school in both groups of children were due to illnesses such as malaria, acute respiratory infections, viral fevers, and other non-health related reasons such as participation in social events and contingencies such as bad weather disrupting transport to school. There were no significant differences in the anthropometric indices or hemoglobin levels between the two groups of children at baseline in either boys or girls ( Table 2) .
Post-intervention. Significant differences were observed between the two groups of children in both mathematics and language scores, with the scores being higher by approximately 26% in each of the subjects in children who received chloroquine. No significant differences were observed in the anthropometric indices between the two groups of children except for weight-for-age among girls (P ‫ס‬ 0.033). The hemoglobin levels of both males (P ‫ס‬ 0.012) and females (P < 0.001) receiving chloroquine were higher than those of placebo children. None of the children reported visual disturbance or other adverse effects after taking chloroquine.
During the nine months of intervention, the malaria incidence rate adjusted for 12 months in the chloroquine group was reduced to less than half (61.6%) of that in the placebo group (129.2%) (P < 0.001). Both total school absenteeism, as well as that due to malaria, were significantly reduced in the chloroquine group compared with that in the placebo group (Table 3) . School absenteeism due to non-malarial illnesses and non-health reasons either before or during the intervention were similar in the two groups (Tables 2 and 3 ).
The performance in mathematics and language of children of both groups were analyzed in relation to 1) the number of malaria infections they experienced, 2) the total number of chloroquine tablets they had taken as a prophylactic, and 3) the extent of their school absenteeism due to malaria, and for comparison, due to non-malarial illnesses and non-health reasons (Table 4 ). Mathematics and language scores of children in the two treatment groups were significantly associated with 1) the number of malarial attacks they experienced and 2) absenteeism due to malaria. The performance decreased with increasing number of malarial attacks and increasing absenteeism due to malaria. In children who were absent because of non-malarial illnesses, particularly in the chloroquine group, there was a tendency for the performance to increase rather than decrease with increasing absenteeism. Except for this, there was no consistent association between scores and absenteeism due to reasons other than a malarial infection ( Table 4 ). The performances of children in both mathematics and language were associated with the total number of chloroquine tablets taken (P < 0.001), with children who had taken more than 22 tablets performing best (Table 4 ). Absenteeism due to malaria was significantly less in children who had taken more than 13 chloroquine tablets compared with those who had taken less, and was least among those who had taken more than 22 tablets (Table 5 ).
Mathematics and language scores, after controlling for confounding variables, were significantly associated with 1) receiving chloroquine prophylaxis and 2) absenteeism due to malaria ( Table 6) . Apart from this, the number of malarial infections was a significant predictor of language scores, and height-for-age was a significant predictor of mathematics scores ( Table 6 ). The adjusted relative risks for better performance at the examinations were as follows: taking chloroquine prophylaxis increased mathematics and language scores by 5%; being absent less than 12 days due to malaria increased mathematics and language scores by more than 33% compared with being absent for more than 30 days; and experiencing no attacks of malaria increased language scores by 11%. Absenteeism due to causes other than malaria, including non-malarial illnesses, did not affect performance in either mathematics or language. The prevalence of geohelminth infections was low (2%) 24 and was similar in both groups pre-intervention and post-intervention.
DISCUSSION
This study demonstrates that malarial prophylaxis not only reduced the incidence of malaria but increased school performance relative to the placebo group. It also reduced school IMPACT OF MALARIA ON EDUCATIONAL ATTAINMENT absenteeism. Among the children who received chloroquine during the study period of nine months, the number of malarial infections decreased by 55%. Since children in each class were randomized to the chloroquine and placebo arms, the differences observed in examination scores were, in fact, true differences and not due to differences in subject matter taught in different classes. The scores for both subjects in the placebo group at the end of the intervention were approximately 27% lower than in the chloroquine group.
The examination scores in the placebo group were significantly poorer post-intervention than pre-intervention. This is probably due to these children experiencing more attacks of malaria in the intervention period during which there was an increase in malaria transmission in the area. In this group, the incidence of malaria (corrected for 12 months) during the intervention period was higher (129% versus 49%) than it had been in the preceding six months of observation.
Since chloroquine prophylaxis reduced school absenteeism, the impact of the intervention on school performance could have been due to improving school attendance as a result of reducing the incidence of malaria, which by itself, is a major cause of school absenteeism. School performance correlated significantly and inversely only with malaria-specific absenteeism. Absenteeism due to other causes, whether due to illnesses other than malaria or causes unrelated to health, was not associated with lowered school performance. Conversely, school performance was better in children who were absent more because of non-malarial illness. Children who were absent more frequently because of other diseases were least frequently absent because of malaria (Table 4) , which suggests that risk factors for malaria and those for other illnesses were different, and possibly, mutually exclusive. Thus, it was the experience of malaria per se, and not the associated absenteeism, that led to poorer school performance among children who received the placebo.
In high-transmission areas, Trape and others reported a daily absence rate due to malaria of 0.3%, which represented 5% of all causes of absence. 7, 8 The number of school days lost was less than one day per child per year. In areas of low seasonal transmission, the average daily absence rate due to malaria was 0.2%, which represented less than 5% of all causes of absenteeism, and the number of school days lost was 0.2-1 day per child per year. In this study, absenteeism due to malaria before prophylaxis was 5-7% of the school days. In children receiving prophylaxis, the percentage of days absent due to malaria remained the same for the chloroquine group but increased in the placebo group because of the greater number of malarial attacks during this period. Children are usually absent from school for 5.4 days after an attack of malaria, as has been reported elsewhere. 15 During the intervention, total absenteeism was increased compared with the pre-intervention period. Absenteeism due to malaria increased in the placebo group because there was an epidemic of malaria during the period of intervention, which led to a greater number of attacks in this group and resulted in a greater number of days absent from school. The number of days absent because of health causes other than malaria and non-health causes was also higher during the intervention. This could have been because of changes in the weather patterns and children staying away from school for greater periods because of a severe drought during the intervention.
Chloroquine prophylaxis had a significant impact on both the number of malaria infections and malaria-related school absenteeism among the children, a finding that is consistent with the low incidence of chloroquine-resistant malaria (20-30%) reported in this area. 19, 20 In Sri Lanka, P. vivax accounts for 70-80% of all malarial infections for which the treatment of choice is chloroquine as recommended by the National Malaria Control Program. The guidelines recommend that all malarial infections, irrespective of the species, be treated with a three-day course of chloroquine and a second-line drug used only if the infection is severe or there is microscopic evidence of asexual parasitemia within 28 days of treatment with chloroquine. Although one-third of the children who were receiving chloroquine prophylaxis developed malaria, it was probably not because of chloroquine being the prophylactic agent but the result of other considerations such as relapses in P. vivax malaria and compliance. Taking chloroquine prophylaxis was an even more powerful predictor of examination scores than the number of malarial infections that were experienced, which suggests that the effect of chloroquine taken as a prophylactic may have, in addition, to reducing the incidence of malaria, alleviated the impact of breakthrough infections.
The potential effects of malaria on cognitive development, performance, and motivation can be divided into two groups: the debilitating effects resulting from brain injury due to an acute episode of severe and complicated malaria; and the potential impact of performance mediated through the effects of chronic infection, repeated illness, anemia, and undernutrition. 6 In malaria-endemic countries in Africa, evidence suggests that brain injury as a consequence of cerebral malaria in early childhood may have an effect on child's cognitive and learning ability. Residual neurologic sequelae have shown to hinder the developmental progress of 1-5% of children infected early in life. 25 Repeated attacks of malaria appear to affect physical growth of children as shown by an improvement in weight-for-age of female children, and higher hemoglobin levels in both sexes in the chloroquine group compared with the placebo group. Height-for age, an indicator of long-term nutritional status, was a significant predictor of mathematics scores. Retardation of physical growth and impairment of school performance may be parallel consequences of malaria or they may be causally related to each other.
In this study, the impairment of educational attainment was demonstrated in children with uncomplicated infections that occur frequently and repeatedly, and are generally forgotten after the event. Each infection lasted no longer than 3-5 days before they were effectively treated. In contrast, the more rare severe forms may leave residual neurologic effects.
The findings of this study have significant implications for policy makers and health care providers in particular and human development planners in general. In the light of these findings, it may be necessary to review and reassess the burden of malaria.
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